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LARVAL DIAPALSE l~ SCOL1TUS VENTRALIS 
(COLEOPTERA: SCOL YTIDAE)' 
B. A . S C OTT, JR. AND A. A. BERRYMAN' 
ABSTRACT 
When Scolytus ventralis was reared under relative ly constant tem-
peratures 50-70';;· of the brood deve loped rapidly and emerged within 70 days. 
The remainder emerged gradua lly over the 130 days followin g the first emer-
gence peak . Exposure to field conditions resulted in retarded emergence of 
the rapidly -developing proportion o f t he population and increased synchrony 
in the emergence patte rn. Increasing exposures to cold temperatures in the 
field resulted in increased emergence synchrony , and a s horter developmental 
time when exposed to warmer temperatures in the laborato ry. I t was concluded 
that t he rapidly-developing portion of the population may enter a facultative 
diapause while the remainde r ente rs an obligatory diapause unde r normal 
fie ld conditions. 
INTRODUCTION 
Th e fir engraver. Sco lYllts venlra lis 
LeConte. infes tin g g rand fir . Ahies gran dis 
IDougla s l Lindley . is normally univo ltin e in 
north ern Id a ho . Struble 119.>, I not ed that th e 
fir e ngraver population produ ced a partial 
second gellPrat ion annually on south-faci ng 
slop(,5 at 4000 ft. e lev ation in th e C alifo rnia 
Sierra N pvada. I n laboratory r ea rin gs about 
50';; of th e brood em erged within 90 day s of 
atta c k whil e til(' remaind er e m e rged over th e 
ne xt 100 days or died ISco tt and Be rrym an 
197 11. sugges tin g th a t a significant po rtion of 
th e population ordinarily ente r s diapau sc . The 
prese nt s tuely reports on the e ffpc ts o f winter 
f' xpOSllrp o n the development rat e and 
em eqre nce syn chronization o f the fir eng ravl'r . 
MATERIALS AND METHODS 
S ix living g rand fir s. about :;0 )'Par s o f agp. 
we r e f(' ll ed on a July. 1969. durin g th e fli g ht 
period o f S. I·enlralis. 'fh f' treps w ere atta ck ed 
I or 2 days aftpr fe llin g. Fift ee n day s aft pr 
atta ck 2tJ· one-foot-Iong bo lts we re c ut from 
th(' sf' trf'f'S and broug ht into th e laboratory . 
An o th rr 1 () bolts were c ut and brought into the 
laboratory on 24 Nc)\·e mb er . 19 (.9. 1:37 el a ys 
after attac k: a on S F ebruary. 1970. :2:20 day s 
after a tt a(·k: and I (1 on 7 Ma y. 19,0. :llJ 1 da ys 
a fter a tt ac k . 
All hults wpre maintained at 2;) . :\0 " C. ;)(1 . 
flO' , HI-I. and lh-hour ph o top e ri od . 
~riE' nl ifi(' P <lper :Hi90. P roject l ~J i'j'. ColIl'j.!c o f Agncullllfr 
Ht:~NHl'h Center . \\'a:-; hinglo J1 State L'flIH' r :.I!\', Thl" w o rk wa-.. 
~u ppnrt('d In p <lrt h .v a \\' n~hll1~n() 11 SI;tlt' l ' r;i\' l' r :--lI~' (;rnnt-in-
Aiel (Initiati\"e 111 f. 'rhe m;l!w .. cnpl i ... . In pan. iWlIl (l the .... i" \)\' 
t he .... enlllr au t hm in partia l (ultd llllt'lll 0 1 tllf' ]\1. :-; deg r(·t' , 
\\' a ... hingto!l :--ll a!£> l"lli\"(·r.-.lI:,.:. 
r\ , ....... I I(' i a l E' 1·~nt() lIlologi :-.l. E li I.dl ..... and ( 'II. (;rf't"nft (;'l rl . 
i ndl[\na, and :\ .... ;-;on:lt e Enl lln1o]og i .... t, \\';l :-.h in!:! t on St al(' l ' IlI Vl'f-
... it ..... " ullman, \\· a .... lllIlglnn ~i:)lf):L fP:-;pl'cti\l'h 
~mergen(;e wa s rpcord ed at approximately 10-
day int erval s by countin g and marking new 
emerge nce ho les. 
M ean d e ve lopment tim e from attack to 
peak emerl!c nce IT I \\' a s cal c ulat ed b y 
T= (Xi' Fi) 
N 
where Xi = number uf day s from attack to th e 
ith em e rgen ce pe riod. Fi = emergence durin g 
the ith per iod . and N = total beetles emerging. 
Thirt y days aft e r em ergence had started to 
dec lin e. th e bo lt s we re debarked and th e 
foll o win g data co llec ted: number of s llccess ful 
attack s . length o f egg ga lleries. number and 
stag., of the s urv ivin g brood. The bark was 
then di ssec t l'd and th e brood within recorded. 
Fivp of the bolt s frol1l th e firs t sampling IJ uly I 
we re not d e bark ed \l ll til 2 1 J days afte r atta c k . 
RESULTS AND DISCUSSION 
Lo~s in the fi e ld w('r(' cons idered to be 
under tlH' influpn ee of eo lcl ten'l1PralllreS 
during tho se month s Wh Pn til!' avprage monthl y 
maximum tpmperat\lrf' was below IS" C: i. e .. 
fro m I O ctobe r. 19 (.<) to I May. 1970 ITable 
II. 
T AB LE 1. Average maximum and mini mum 
daily temperatures (OCI from P otlatch , Idaho 
(U .S. W eathe r Bureau C limatologica l Datal. 
Month 
September , 1969 
October 
1"ovember 
December 
.January, 1970 
February 
March 
April 
May 
Maximum 
21.7 
12.7 
8.6 
2.5 
1.7 
7.7 
7.7 
9.6 
18.8 
Minimum 
4.3 
- 0.6 
- 1.8 
- .L6 
- 5.:Z 
- 1.7 
- 3.3 
- 1.1 
3.2 
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Fig. 1. Emergence pattern of S. ventralis reared 
in the laboratory without cold exposure. 
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TABLE II. M ea n de ve lo pment time and emergence sy nchron ~' of S , ventralis in the firs t emerge nce 
peak a fter diffe rent lengths o f exposure to fi e ld t empe ratures, 
To t al 
No . of Days in the fi eld Days in Per cent ~ Date 
amp led Bolts Max . temp , > 15°C Max . Temp.( 15°C Laboratory'" 
, Deve lopment 
Time [mergence .... 
: 
I 
I 7- 25 - 69 19 15 0 43 58 68 . 50 
tJ.1 - 24 - 69 16 82 55 58 195 90 . 36 
2- 5- 70 8 82 138 34 254 98 . 27 
5- 7- 70 16 1 82 
1 
219 30 331 100.00 
! 
, 
I 
I 
°T (l tHI l iml' in the l ;lho/,;-llIIJ'.\ · up I n Ihl" JIlt'~1I1 of i11(' l ir .. t t-rnergt'Il('( ' peak . 
..... Ppr {'Pili (d 1 he p<>pulal inn t'IlH' r ging \\ H hill :lfl <1" .\':-, ot [ Iw tl J':-.i l'll1l'rgt 'Ill'( l pI ': lk . 
Th(' f ir"t gl'''IIP of bolts, brough t into thr 
labor at()l'~ on ~:j JII[, ' , I <Jill), did nol px-
1l<'l'ien( ' I' ('o ld tplll lwl'a t lll' rS , At this ti ll1l' th l' fir 
t'1l g-ra\t'r brood wa~ in lht:' t'g~ and fir:-;t t\\ O 
lan'al ~lagf' s . Fi g llr f' I sho \\ s th e elll(\rge n c(' 
pattern of S , ,'(' I/{ I'illis from ,) of th ('se holt s 0"1' 1' 
a per iod of ~ I ,) da,'s frolll til!' tilll t' of atta('k , 
Di sSt,('tio n of t ilt, ho lt s al t lw (,lid of Ihi , ppriorl 
, 1"1\\'rd tha t all brood had l' ith('r Plllprg('ri or 
di ed, II is appan' nt that Ill..," l'lllprg(' n('r 0('-
l'l l rrt, d ,, 0-:0 rla\'" af l ('1' allal'k follo\\'pd b ~ 
~rradllal enlf'rg-P IH'(' with a 1l1i nor pf'ak bf' t wf'PIl 
1,)0 and :110 days, 'I'll{' rema ining I q hol ts o f 
thi ;; group \""I't' disst'(,tNI :\0 ri a , s aftl'r Ihl' fir' l 
l' lllergf' n, ' ,' Iwak o r HI1 day" frolll th l' timl' 01 
alta('k, :\t Ihi , limp (,11,:, ', of Iht' brood had 
l'llll'rg( ' cI ITalll l' ~ I, Thl" !' r (,Sl tIt s , and thos l' of 
Sl'o ll and Berr~lllan 11 1):11 , sho", th aI :,11-
:11'., of Ih,' brood dp" l' lop I'apidh at rt' lal ill' l~ 
l'on'lant Il'nllwratllrl" :lnrI proha bl~ rt'prt',<' nl 
th t' proportion of Ihl' population \\' hi l' h 
('1)111plt'tt' !"' two ~pnt'ra ti()n ~ a ~t'ar lIndl'r 
,;u ilabl l' I' limali (' l'ondiliolls ill 111l' field IStruhle 
11),-,: I, Thl' dl" (' 10 pill I'll I of IIH' rl'lllainin g :)11 -
,)0', of Ihr " f'()od \\'as r l' tardl'd ha"ing 
prf'sumably 1'lItl' fI'd obligalt' lal'\al diapal l"', 
This proporl iOIl pmba hl\ proclu('", a si ng I!' 
1Innual !(t'lH'ration IUld .. r most fil'ld cOlldi lions , 
Th (, dfp('ls of ('xposurt' to l'o ld II'm-
p<' ralllrt '" oil 1111' dp'l' lo pm PIII o f :s, ""II/rali,\' 
\\lI S pxamilll'd by 1',dl(,l'lillg inf"'I l'd [,011 , frolll 
th l' fi (, ld al Ihl'l'I' illl .. nals dllring \\' ill l('I', T h l' 
bolt ,; brnllghl ill lo till' lal)(Jnllor~ ill "IolI'lllh.' r 
had t'x p,'ri ('n( 'l' d abottt ",) d"" of If'mIH'r atttrl''' 
lJ .. lo\\ I :i ' C, This Ir('alml'1I1 l'("ll it ed in all 
ill ('rt'<ls ... d pl'opor l ioll of thl' hmod .. nH' l'g in g 
dl l ring Ihl' fil'''l (' mng(,IIl'P Iwak ITabl .. ~ I: i, e'" 
diapa ll ';p \\'a" hrok .. n ill abollt :0 ', o f th l' hmod 
\\'ith all o h ligalt' lal'\ 'al di a pall s(', 110 \\ 1' ''' 1' , it 
n 'qtlirt,d ,") H da~· ~ I"( 'ar in g" i n th r laboratory to 
rPH('h IlH' (l1l Ptllt'rg"(' IH '{', ttr 1,1 da~ ~ tllore than 
Ih .. hl'ood ""(' (' i, in g 11 0 I'old treatm l'Il 1 ITaltll ' 
~I , Thi ,; ill l'ft' a Sl'd dl ,,,, lop"H' nl li lll e \\a, 
;.,,'('''1 1'1' tha ll is illdi('alt'd in Tahll' ~ h(' ('all sl' 1111 ' 
"alllpll' la kt'll in N o,rnJill'r had p\lw ri l'nl' l'd 
111(1 (' \Ira day" of fi"ld I!'ntpl'ra tllr l" in thl' 
ra ng(' LI'ol'ahll ' for d,', t'IO p llll' lll. Fllr llwrl1lol'l', 
hrood ill til(' {' arlif'r SH lllpl t' "a~ in Ih t' PI-!I-! aile! 
firsl 1\\0 la l'\al ,; ta gl''; \\h il l' ill t ill ' lalt'!' "llllpll' 
all hl'ood \\a s in Ih( ' mat ll rt' lana or pr!'p llpal 
, tagt', Thl'S!' I'I'Sltil.' ill dil'all ' Ih at th,' rapidh 
d t' \ l' l op il1!! prol)flrLioll of thp hrood h<lt! (' ntp rt',d 
a fac til lati,op lar\Clt ' d iapa ll :-\f..' t"oIH lilionf'rl h~ 
('Il\irollllll ' lltal "' I illl llli : I'\)~:-\ i bl ~ L( ' lllp('r a tllrt~ 
or l,hIJtIIIIl 'ritld " 
Th" tinl(' l'l ''1l lil'l ,tl III Ih l' In"orattlr~ fo r 
l llt'an l)nH'r~t' I H'(' III OI'(' lIr in :o.a nlpl(',,; lakl'll ill 
F,''' r llal"\ a lld ~1a~ \\as r, ' d lll'pd ITa b l .. ~I , 
Furlht'rll1t1 rt', t'n lt'r~( ' Il l't ' \\ as,,~ Ill'ilronizf' d tn a 
,!!rt'H lt ' l" d t'~n'(' b~ lin ' IOIl,!!t ' r ('o ld It' nlppra llll'f':-i 
ITa"I (, :11, Thi " indi('at<'d tha I d iapatt ,"1' 
rl'(plirt'lllt'nl:' for ntosl o f th l' Ian ae \\a " 
sali " j'il'd I" 1 " tI-~\l1I d" " I' ol d 1"PO"lIfl', 
T h l' rp';ltIl , of titi ,- ';llId~ ';l lggpsI Ih at ,,() -
:\1 ' , of t ill' Ian a p of S, I '(' rrtralis hm I' it 
fa('lIltati'I ' diapallSt ' init ia tl 'd b, ttnd(, tl'rm ilwd 
l'll\iI'OIlIllI'lItal s limllii and Ihat :\(1 - :;0' , lta, (, 
all (lh lil!a t ()r~ diapa tl ";t'. 'I'll(' di apal1~p ('on, 
dilitlll:o. art' appart)lltiy hro k(' f) h~ P\po o..; urp ... to 
.. o ld t"t11 llt'ralttfl", 101l !(l'l' cold ''''I)o , lIrl'' 
n, ... tllti ll~ In a high t'1' dt' !!I'l'(' of (\ 1l1 P r1-! l' Il('(' 
,_, Il('hl'tllli za tio ll a lld a ,ho rlt'!' "l'r ind to IH'nk 
(' 1l11'J'g"l'IlC'j ' " 
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U ntil s uch tinl!' a s Palll and Anno' Ehrlich's 
\\,(, 11 r f'sf' ar('hf'd hard- l'o",,'r "Poplliation. 
Rf' so urces. Env ironment" a lso appears 111 
pap ... rba c k. "TIl(' Doomsday Book" rf'main s . 
in my v ip,,' . til!' mos t readab le. and probably 
th ... most important of til(' s pat e of pOPlllar. 
doom-and-gloom. pco logy book s: it has bppn in 
paperback only since Septe mber. I <)71. It ma\' 
be that th e author's IO)(,H "T h e Biological 
Time Bomb " will pro\'e mort' prophl'tic and in 
th .. lon g rlln mort' important. but it lacks th e 
imm ediacy and urgl'n c y of th ... pr ... sp nt work. 
Thi s tim p the a uth or aH)ids spec ulation a nd 
pxtrapo lation whprpv!'r po,sibl€': in s t E' acl h e 
presl' nt s a fairly low -k f'\ 'pd digest of recpntly 
pub li sh ed work. lightl y footnot ed. annotatpd. 
n ,f('n' l1ct'd. and index ed. The data arf' lar ge ly 
from reputablf' original sOlln'ps and rp\·ie \\, s. 
lIot ab ly and frf'qu E' ntly from 'i ature. Sc ience . 
'\If'\\' Sci('ntist. ScielH'p ;, pw,;. and Scie ntific 
AJ1lf'rican. 
Isaac As imo\' refpr s to 'I'h f' I)oom sda\' 
Book a,; "coo l and unimpassionpd ". which we ll 
dl';;crihl''; th e writin g. Th (' tOllt' should b e 
ao·o· .. ptabl .. bo th to tl)(' co n\'prt N I and to any 
layrnan who i s not ,·cry clf'ar 011 th e f'l'o log-y 
fllrore bllt is not abollt t.o b(' s ta l1lpf'dprl by 
rh(ltori c or ('nlotio J1 . A few d(-'g n'(I~ of pnlotinnal 
l1I'at do br ea k throllgh o,·,·asional"·. for 
o'xal1lp ll' In tllP s ... o·tion on radioa c ti\ ' ity 
ic'hap. HI . 
In any book a s widt· rangin g a:o; this. nit 
pi"king is ('a;;\ . On p.B.) " ' 1' r('ad that " thp 
Ta ,;manian · ,,·oIf' \\'as. . helipH'd to h f' a 
pn'dator - a,·tlrall\· it i;; not a C'arni\'()r(' bllt a 
Illa r:-\t1 pial lik t' a kangaroo '" It i ~ a nltirslipial 
alright. bllt a pn'<iator too - and probably 
o·~tinC't h\' no"' . So m ... o·~alllp l (',; from I'n-
tonwlog\ aI'" gr. 'atly "'· ... r ;; implifio,d . O'. g. thf' 
,'a'< ' of tho' cod lin g moth Ip .H4 1. Aldrin and 
dio·ldrin I p.1 :!BI art ' tho ' t.'rriblP 
org'Hllopllll:-;phortl~ twill:-; . PIHg'lIt ' i :-; :-; prPH d by 
S 1.2:') 
li ct' I p. 7 71. Hilt a di\idend from till' all-
o' mbral'ing appro,lt'h is that DDT los(' s som ... of 
ih pret' miIH' lll 't' and fall s intn it s proper placp 
'Iii mpr ... h- th ... most \\'i(\(' s pr('ad and nne of tlr p 
n1O,;t damaging polllltant,. amongst s lI c h otll('r 
horrors as cad lllium . m ert· un· . lead. 
Jlol\'I'holoro-hiph t' nyl s. asbesto,;. ca rb o n 
I11ulloxidt'. nitritl'!;. nitrn~l'n oxid{'~. and 
radioa('ti\'f' wast C's. 
In " Ie ... . -\ gr or H f'a t Dpath" Ichap . :11 tht' 
conflicting arguments for both fat p, will 
probab ly con[us .. thf' reader. Rllt 1](' ca n hardly 
fail to r"a li zo'. fir s t. that a,;tonishing'" sma ll 
inpllt,; to tht' atmosphf'ro' will sUI'I'ly han' an 
..rft'ct,; IIf so m p kind on tlrp t'artlr. " .. c lima\(' 
is nothing lik e as s tab ll' as " f' tpnd to think ." 
II' . -;-<)1: a n d Sl'co nd. that tho' "hole rarth i;; so 
do sp l\ ti N I to and a ffec ted IJ\ it s atmospherp 
and climat .. that unpl easa nt ['hanges may 
appo'ar at ;(' \'pral r em o\'es from th e tri gger ing 
mech a nism." .. . th f' wpb of caus(' and pffp (· t is 
too cOlllpli('atpd for o ur prt',;ent le\'e ls of 
s(' ie n tifi(' undprstanrl in g .... " I p. -;-:1 I. 
'I'll(' author is at his bes t on the food and 
pClplllatioll l' n ~(' ~ and in Illa r~ h a llin l! hi ~ 
arguments agai n s t nllcl E'a r pO\\'er. Tir e \' ;(' w s o f 
Gofnlan and 'j\ tnlplin an' prp:-;PIltt-'d tit ~on)(' 
len gth in 11 :j O-pago' spc tion on ra dioa r ti\·;ty 
!chap .BI. 
It tak es t,,·o full pa,,(''; to acknowl edge tho st' 
\dlO he lped th l' author. in c luding I H \'pr\, 
di s tinguis h t'd di s('u"sants le.g. La i\lont Co il'. 
Fra ser D arling. Kings le \ Da\'i s . Palll Ehr li c h. 
Glenn Sea borg. Stt' \\'art ldalli. and :,)h otlwrs 
with illl po'cC'ab l" affiliations . " '110 ga \'(' h (' lp and 
information . incllldin g Barr\' COlllllloIH'r. J . 
W. Gofman. e has . F . \\ ' lIr s ter and m a n\' 
EUl'IlJlf' a II S . 
011 th ... eon' r of th l' p apE'rba('k tho> pllbli,,;!lI'r 
ha s pllt th t' clll' .. rillg 11It' ~~at!t' : " '\1ankind ('all 
suru\ p. " Th l' author .,,'PIllS to IlP lo' s;; than 
ct.'rtnin. 
